Abstract Candida tropicalis has been reported to be one of the Candida species which is most likely to cause bloodstream and urinary tract infections in hospitalized patients. Accordingly, the aim of this study was to characterize the virulence of C. tropicalis by assessing antifungal susceptibility and comparing the expression of several virulence factors. This study was conducted with seven isolates of C. tropicalis from urine and blood cultures and from central venous catheter. C. tropicalis ATCC 750 was used as reference strain. Yeasts adhered (2 h) to epithelial cells and silicone and 24 h biofilm biomass were determined by crystal violet staining. Pseudohyphae formation ability was determined after growth in fetal bovine serum. Enzymes production (hemolysins, proteases, phospholipases) was assessed by halo formation on agar plates. Susceptibility to antifungal agents was determined by E-test. Regarding adhesion, it can be highlighted that C. tropicalis strains adhered significantly more to epithelium than to silicone. Furthermore, all C. tropicalis strains were able to form biofilms and to express total hemolytic activity. However, protease was only produced by two isolates from urine and by the isolates from catheter and blood. Moreover, only one C. tropicalis (from catheter) was phospholipase positive. All isolates were susceptible to voriconazole, fluconazole and amphotericin B. Four strains were susceptible-dose dependent to itraconazole and one clinical isolate was found to be resistant.
Introduction
Fungal hospital infections (FHI) incidence has increased significantly over the last decades. Candida species are the most frequently isolated fungi, corresponding to approximately 80% of FHI, being the fourth responsible for blood stream infection and the overwhelming majority responsible for urinary tract infections [1] [2] [3] .
Usually, Candida tropicalis is considered the third Candida species most frequently isolated from urine cultures [4, 5] . Moreover, in a recent epidemiological study conducted in 12 Brazilian medical centers, C. tropicalis was the second most frequent Candida species, accounting for 20-24% of all candidemias [2, 6] . Additionally, C. tropicalis is often found in patients admitted in intensive care units (ICUs), especially in patients with cancer or/and requiring prolonged catheterization, or receiving broad-spectrum antibiotics [2, 4, 6, 7] .
Several virulence factors seem to be responsible for C. tropicalis infections, which present high potential for dissemination and mortality [8, 9] . Adhesion to host surfaces (epithelial cells and medical devices), as well as biofilm formation, are considered the first step to initiate Candida infection [10, 11] . Furthermore, secretion of enzymes (proteases and phospholipases), as well as hemolytic activity, are recognized as important factors in tissue invasion [10] [11] [12] [13] [14] .
Hence, the aim of this study was to assess and compare the expression of different virulence factors (enzymes secretion, adhesion and biofilm formation and pseudohyphae production) by several C. tropicalis clinical isolates. Moreover, antifungal susceptibility was also determined in order to deeply characterize the virulence of C. tropicalis.
Materials and Methods

Isolates
This study was conducted with seven isolates of C. tropicalis: five obtained from candiduria, one from candidemia and one from a central venous catheter (CVC) and all were from patients admitted to ICUs at the University Hospital (UH) in Maringá, Paraná, Brazil. C. tropicalis ATCC 750 was used as reference strain.
Isolation and Identification
Yeasts were isolated according to hospital routine methods. To perform hemoculture, one volume of blood was inoculated in 10 volumes of Trypticase Soy Broth (Difco, Detroit, Michigan, EUA) and incubated in the automatic BACTEC (Becton-Dickinson Microbiology Systems, Sparks, MD) system. Urine was spread using a calibrated loop (10 ll) on CLED medium agar plates (Difco) and incubated at 37°C for 48 h. CVC isolated yeasts underwent a well established technique [15] . Briefly, CVC was rolled on blood agar plates (Difco) and incubated at 35°C for 72 h. After yeast growth, they were subcultured in CHROMagar Candida Ò (CHROMagar, BioMerieux, Paris, France) to assess the purity of the culture and the color of the colonies. From this selective and differential medium, yeasts were identified by three methods: the MicroScan rapid yeast identification panel (Dade Behring Inc, CA, USA), the classical biochemical method [16] and molecular identification.
Candida DNA was extracted using the QIAamp Ò DNA Mini Kit (QIAGEN, IZASA, Lisboa, Portugal) according to the manufacturer's instructions. DNA content was determined by spectrophotometry readings at 260 nm. Aliquots of 10 ll were analyzed by electrophoresis in a 0.8% agarose (Bio-Rad, Lisboa, Portugal) gel in 19 TBE buffer (Bio-Rad) and visualized with a UV transilluminator after ethidium bromide (Bio-Rad) staining (0.5 mg/ml). To assess Candida speciation, a polymerase chain reaction (PCR) method previously described [17] was used. Specific primers for the genomic sequences of DNA topoisomerase II of C. albicans, C. dubliniensis, C. tropicalis (genotypes I and II), C. parapsilosis (genotypes I and II), C. krusei, C. kefyr, C. guilliermondii and C. glabrata were used.
Adhesion and Biofilm Formation
Yeast cells were grown at 37°C, 120 rpm for 18 h on Sabouraud Dextrose Broth (SDB; Difco) and Phosphate saline buffer (PBS)-washed suspensions of each yeast culture were resuspended in RPMI 1640 (Sigma, Saint Louis, Missouri, USA) to a final concentration of 1.0 9 10 7 cells/ml. Then, 3 ml of the suspension was added to each well of a 6-well plate containing either a confluent layer of TCC-SUP human urinary bladder epithelial cell line (DSMZ-German Collection of Microorganisms and Cell Cultures) or a silicone coupon (2 9 2 cm) (Neves e Neves, Trofa, Portugal). All procedures were performed in triplicate and repeated in three separate assays.
Quantification of Adhered Yeast Cells
After 2 h of incubation (120 rpm, at 37°C), the wells were washed twice with PBS to remove unattached yeasts. Yeast cells were quantified using the crystal violet (CV) staining method.
Epithelial Cells
Three milliliters of CV stain (1%) was added to each well containing the epithelial cells with adherent yeasts and allowed to stain for 5 min. Then, the wells were washed three times with PBS. In order to remove the CV stain from the epithelial cells, 3 ml of ethanol:acetone (1:1) was added to each well and removed immediately. Three milliliter of acetic acid (33%) was added to each well and the absorbance of the final solution was read at 570 nm in a microtitre plate reader (Bio-TekÒ Synergy HT, IZASA). Wells containing epithelial cells without yeasts were used as controls. The mean absorbance of CV retained by yeasts was expressed as absorbance per unit of well area.
Silicone
Candida cells adhered to silicone were quantified according to Henriques et al. [18] . Briefly, the coupons containing adherent yeasts were removed from each well and immersed for 5 min in new well plates containing 3 ml of methanol. After withdrawing the methanol, the coupons were allowed to dry at room temperature. Then, 3 ml of CV (1%) was added to each well and allowed to stain for 5 min. Coupons were transferred to a new well, washed with ultrapure water and immersed in 3 ml acetic acid (33%) to dissolve the stain. Coupons without yeasts were used as controls. The absorbance of the obtained solution was read in triplicate in a microtitre plate reader at 570 nm. The final number of cells attached, per coupon unit area, was determined using the mean absorbance and the respective calibration curves, previously established.
Biofilm Biomass Quantification
After 24 h of incubation (120 rpm, at 37°C) C. tropicalis biofilm forming ability was assessed on inert materials through quantification of total biomass by CV staining as described above. Experiments were repeated in 3-5 independent assays.
Pseudohyphae Formation
Pseudohyphae formation was defined as a cell bearing a rounded outgrowth with a length greater than or equal to the diameter of the parent cell, with a constriction at the base. The percentage of cells in pseudohyphae form, against blastospores, was determined by microscopy counting after 2 h of cell growth in a liquid medium containing equal volumes of RPMI 1640 (Sigma) and fetal bovine serum (GIBCO, New York, USA). In these experiments, 100 cells per field were examined. Each experiment was conducted in triplicate.
Protease and Phospholipase Secretion
Secretion of proteases and phospholipases was detected by the formation of an opaque halo of degradation around the colonies grown in a specific agar plate, according to Rüchel [19] and Price et al. [20] , respectively. An aliquot (5 ll) of a 1 9 10 8 cells/ml suspension prepared in distilled water was inoculated on protease agar medium (2% agar, 1.17% yeast carbon base, 0.01% yeast extract and 0.2% bovine serum albumin) pH 5.0 and on phospholipase agar (2% agar, 1% peptone, 2% glucose, 1 M NaCl, 5 mM CaCl 2 Á2H 2 O and 8% egg yolk) and the Petri dishes were incubated for 7 days at 37°C. The enzymatic activity (Pz) was determined by the ratio between the colony diameter and the colony diameter plus the halo zone as described by Price et al. [20] . Each experiment was conducted in triplicate.
Hemolytic Activity
Hemolysin production was evaluated using a modification of the plate assay described by Luo et al. [13] . Fresh cultured colonies of C. tropicalis were obtained after being spread on Sabouraud Dextrose Agar (SDA; Difco) (18-24 h ). Then, a suspension was prepared in saline solution (0.9% NaCl) to reach 10 8 cells/ml, enumerated using a Neubauer chamber. Ten microliters of this suspension was spot-inoculated on sugar-enriched sheep blood (2% peptone, 1% agar, 7% fresh sheep blood, 3% glucose) and the plates were incubated at 37°C. After 48 h they were classified as absent (no halo), partial, or total (completely transparent halo) hemolytic activity. The assay was conducted in quadruplicate on two separate occasions for each yeast isolate tested. A standard strain, C. albicans ATCC 90028, was used as control in each experiment.
Antifungal Susceptibility Test Methods
The E-test method was used as recommended by the manufacturer with strips, provided by AB BIODISK
(Solna, Sweden), having the following concentrations: from 0.002 to 256 lg/ml; for fluconazole (FLU) and from 0.002 to 32 lg/ml for itraconazole (ITR), voriconazole (VO) and amphotericin B (AMB). The minimum inhibitory concentrations (MIC) of drugs were determined on RPMI 1640 (Sigma) agar with 2% glucose. An inoculum suspension was adjusted to a turbidity of 0.5 McFarland standard (1 9 10 6 to 5 9 10 6 cells/ml) and was incubated at 37°C for 48 h. MICs were read as the lowest concentration at which the border of the elliptical inhibition zone intercepted the scale on the strip. Quality control was performed in accordance with the Clinical and Laboratory Standards Institute (CLSI) document M27-A3 [21] , using Candida krusei ATTC 6258 and C. parapsilosis ATCC 22019. MIC interpretative criteria was performed according to the CLSI M27-A3 [21] : (a) FLU: MIC B 8 lg/ml-susceptible (S); 16 \ MIC \ 32 lg/ml-susceptible-dose dependent (S-DD) and MIC C 64 lg/ml-resistant (R); (b) ITR: MIC B 0.125 lg/ml-S; 0.25 \ MIC \ 0.5 lg/ml-S-DD and MIC C 1 lg/ml-R; (c) AMB MIC [ 1 lg/ml-R; (d) VO MIC C 1 lg/ml-S; B 2 lg/ml-R.
Statistical Analysis
Results obtained were analyzed using the SPSS (Statistical Package for the Social Sciences) program. One-way ANOVA with the Bonferroni test was used to compare the number of adherent cells of the several strains assayed. All tests were performed with a confidence level of 95%.
Results
A total of seven C. tropicalis isolates was used in this study: five obtained from urine samples, one from blood samples and one from CVC, all from patients admitted to ICUs at the UH of Maringá, Paraná, Brazil. Additionally, all the methods (MicroScan rapid yeast identification panel, classical biochemical and molecular identification) used had identified C. tropicalis with 100% concordance (data not shown).
Regarding adhesion ability (Fig. 1) , it can be highlighted that all C. tropicalis adhered in a significantly greater extent (P \ 0.05) to epithelial cells than to silicone. Considering the differences among the isolates, it is possible to observe from 5 cells/cm 2 ) with P \ 0.001 vs. strains 1, 12, 69. Clinical isolates 29 and 69, from urine cultures, adhered to epithelial cells in lower number than other yeasts (P \ 0.05 vs. L012) and the latter, as well as strain 12, adhered in lower extent than other yeasts to silicone (Fig. 1) .
As it can be observed in Fig. 2 , all C. tropicalis were able to form biofilms and strains did not present significant statistical differences. ]. Mean ± standard deviation Concerning C. tropicalis pseudohyphae formation and enzymatic activity (Table 1) , it was possible to verify that all isolates produced a low percentage of pseudohyphae formation. Among all, isolates 12 and L012 presented the highest production of pseudohyphae formation (10 and 7%, respectively). Nevertheless, all isolates were able to express total hemolytic activity on sheep-blood agar medium supplemented with glucose. However, protease was only produced by two isolates from urine and by the isolates from catheter and blood and only one C. tropicalis (from CVC) was phospholipase positive.
The levels of C. tropicalis isolates antifungal susceptibility are shown in Table 2 . It is possible to observe that all isolates showed susceptibility (S) to VO, FLU and AMB. The largest percent of S-DD was observed for ITR in four strains and one clinical isolate from urine was found to be resistant (MIC = 1 lg/ml).
Discussion
Nosocomial infections by Non-Candida albicans Candida (NCAC) species such as candidemia and candiduria have emerged as an increasing problem during the last two decades [22, 23] . Moreover, C. tropicalis appears to display higher potential for dissemination and mortality and possesses several virulence factors that can enhance the progression of infections than C. albicans and other NCAC species [6, 8, 24] .
In the present study, the results of morphological and biochemical tests were in agreement with molecular identification. Morphological, serological, or biochemical tests have been used, along the years, for the identification of Candida species. However, misidentification has been reported specially in relation to C. tropicalis [3, 10] . Recently, molecular-based techniques, which are simpler and more efficient than the conventional tests, have been adapted to the identification of pathogenic microorganisms. In particular, due to its speed, reproducibility, high sensitivity and specificity, PCR tests have been increasingly used in laboratories for identification of several fungal species [3, 10, 17] .
Concerning adhesion ability, it was possible to verify that all C. tropicalis adhered in a significantly higher extent (P \ 0.05) to epithelial cells than to silicone. Sohn et al. [25] compared the ability of C. albicans to adhere to the human colorectal carcinoma cell line Caco-2 and epidermoid vulvovaginal A431 cells and to polystyrene and reported that C. albicans adheres in high extent to polystyrene and both epithelia. According to Bendel and Hostetter [26] , the extent of adhesion to the human epithelial cell line HeLa S3 did not differ between C. albicans and C. tropicalis despite both species having distinct mechanisms for this process. Nevertheless, the present results clearly show differences in the adhesion ability among the different isolates and hence adhesion of C. tropicalis to biotic and abiotic surfaces is strain dependant. Different intra-species adherence ability was also reported by other authors for other Candida species [9, [27] [28] [29] .
We did not find a clear relation between pseudohyphae formation and adhesion capability. Although C. tropicalis L012, from CVC, and strain 12, from urine, adhered in higher extent to epithelial cells presenting also more pseudohyphae formation, the strain 75 exhibited an intermediate pseudohyphae formation and high adhesion ability. On the other hand, clinical isolates 29 and 69, from urine cultures, adhered to epithelial cells and displayed pseudohyphae formation in a lower extent than the other strains. This evidences the current lack of knowledge concerning the adhesion mechanisms of NCAC species to epithelium, as well as about the factors affecting the adhesion process [18] .
Adhesion of Candida spp. to hard materials or host cells has been considered as an early step in biofilm formation [30, 31] . Nevertheless, it is important to highlight that, although strains 69 and 12 adhered in small number than other yeasts to silicone (Fig. 1 ) they showed higher ability to form biofilms on this material (Fig. 2) . This result is consistent with other studies [14, 32] , reporting differences between adhesion and biofilm formation abilities on polysterene and poly(vinyl chloride) (PVC) surfaces under static conditions, which also suggest that adhesion and biofilm formation of C. tropicalis are two distinct phenomena.
All C. tropicalis strains tested were able to form biofilms on silicone, which has important clinical impact once biofilm-associated infections are difficult to treat, representing a source of reinfections [23, 33] . Previous works also reported that C. tropicalis can form extensive in vitro biofilms in PVC catheters [34] and polystyrene surfaces [33] .
The infective ability of yeasts depends on specific virulence mechanisms that confer the ability to colonize host surfaces, to invade deeper host tissue or to evade host defences [8, 35, 36] . During the pathogenic process many virulence attributes may be involved including production of extracellular proteases and phospholipases, as well as hemolytic activity [10-14, 37, 38] . In this study, all isolates were able to express total hemolytic activity. Manns et al. [12] demonstrated that C. albicans produced hemolytic activity and Luo et al. [13] observed that NCAC species are capable of producing one or more types of hemolysins in vitro with differences among species. Moreover, they observed that C. tropicalis was able to produce complete hemolysis after 48 h, corroborating the results obtained herein.
In the present case, only few isolates were protease and phospholipase positive, corroborating the results of other authors [10, 39] . In opposition, Kumar et al. [38] detected 100 and 72.9% of proteases and phospholipase producers, respectively, among Candida spp. isolated from pulmonary tuberculosis patients. According to these results, protease and phospholipase expression can vary according to Candida species, strain and the site of isolation. Furthermore, although the methods used to test the presence of these enzymes are simple and fast they are not excessively accurate, specially compared with molecular methods that can detect gene expression [24, 36] .
Concerning antifungal susceptibility results, all isolates were susceptible to VO, FLU and AMB and for four strains were S-DD for ITR. However, one clinical isolate showed to be resistant to ITR. These results are comparable to those reported in the literature, with slight differences that were dependent on the underlying disease and the Candida species involved in the infection [10, 14, 40, 41] .
Though some authors have already assessed some C. tropicalis virulence factors, this work gathers, for the first time, the most important ones: secretion of enzymes, pseudohyphae formation, adhesion (to epithelial cells and silicone), biofilm formation and antifungal susceptibility. Despite it was not possible to establish a relation among the virulence factors assayed, it is interesting to notice that the strain isolated from CVC (L012) presented higher levels of all these factors. Furthermore, all clinical isolates presented one or more virulence factors.
